Computational simulation of flow, heat transfer and combustion in a vertical tube heat recovery system generator (HRSG) with a single angel roof, a dual angle roof and an air flow optimized evase are studied.
Existing theoretical models for flow and gas and in reducing the pressure drop through the whole HRSG system, which is of benefit to gas turbine operation.
A three-dimensional numerical simulation with a commercial computation fluid dynamics (CFD) software package (FLUENT) was used in this study.
PHYSICAL MODEL

System Description
A CFD model of the HRSG from the GT exhaust interface to the stack outlet was created. is shown in Fig. 4 . As shown in Figure 3 , the air flow optimized evase uses a continuously curved roof. The duct burner fires natural gas, which was modeled as 100% methane. The operating conditions, flue gas composition, and fuel properties are given in Table 1 . 
NUMERICAL MODEL
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Gas Flow
The gas flow is described by the time-averaged conservation equations for total mass, momentum, enthalpy and species mass fractions. Turbulent diffusivity is handled by an effective viscosity obtained from the well-known k-ε model. The gas phase conservation in three dimensions can be stated in the following form:
Here φ represent any of the above variables, S φ is the source or sink term in the gas phase. The source terms and exchange coefficients used are shown in Table   2 .The effective turbulent viscosity is μ t =C μ ρk 2 /ε+μ ι.
Where C μ =0.09. Gas phase mean density is obtained from ideal gas equation. 
Gas enthalpy H μ t /0.9 -Q R where: The pressure drop is imposed in porous media sections, in the Z-direction by:
Where K z is the inertial resistance per unit length, V is the average velocity, and x is the modeled tube bundle depth. K z was calculated for the base load velocity and held constant for all loads. The pressure drop in the other two directions are assumed to K x = K z , K y =2K z . The data for K x , K y , and K z ,the heat taken from each heat exchanger and tube bundles are shown in Table 3 and   table 4 . 
Δ
Solution Procedure and Method
In order to reduce the mesh number, a hybrid mesh was This again shows that the velocity is more uniform upon entering the first heat exchanger when using the air flow optimized evase. The same conclusion can be reached from the RMS deviation of mean velocities for the three kinds of evase design. The velocity distribution upstream of the duct burner is very critical for duct burner design and operation. The acceptance guarantee for the duct burner system is based on achieving a velocity distribution of ± 25% of the average flue gas velocity over 80% of the duct cross section measured at a location upstream of the duct burner under normal operating conditions of the gas turbine and with the burner elements/baffles as considered in the model. Table 6 shows the velocity distributions upstream of the duct burner for the single angel roof, the dual angel roof, and the air flow optimized evase. The temperature distribution analysis downstream of the duct burner is presented in Table 7 with the single angel roof, the dual angel roof, and the air flow optimized evase. The results show the temperature downstream of the duct burner is more uniform for the air flow optimized evase case. The flue gas pressure drop through the whole HRSG system is presented in Table 8 . It is clear that the air flow optimized evase reduces the pressure drop 0.7 or 1.8 "wg compared with dual and single angel roofs, respectively. 
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